The isothermal Cu-Ti-Zr phase diagram at 800 C was constructed by means of 36 equilibrated alloys. Electron microprobe analyses were used to determine the phase compositions and phase relationships. Most of the Cu-Zr binary intermetallic phases show a large Ti solubility and extend to the ternary region. CuTi 2 and CuZr 2 form a complete solid solution as a Cu(Ti,Zr) 2 phase. One ternary phase, Cu 2 TiZr, formed at the central region. These phase relationships are quite different from the 703 C isotherm mainly determined by X-ray analysis.
Introduction
The isothermal section of the Cu-Ti-Zr system at 703 C was studied by Woychik et al. 1) as in Fig. 1 . The main feature is the presence of the ternary phase Cu 2 TiZr in the central portion of the phase diagram. This phase enters into pseudobinary equilibria with nearly all the binaries intermetallic phases. It builds up several ternary eutectic reactions. Around the ternary phase, a number of ternary eutectic points have been discovered, which might be expected to provide regions of enhanced glass-formation. In the paper of Massalski et al.,
2) they determined the glass formation ranges along lines joining the Cu-Zr and Cu-Ti binary eutectic compositions with the wheel-quenching technique. There are several glass compositions reported in the binary and ternary systems. [3] [4] [5] Due to the importance of this system in the metallic-glass investigation, we determined the 800 C isotherm in order to improve the accuracy of phase diagram modeling and calculation. This ternary system was modeled by Arroyave and Kaufman, 6) based on Woychik et al. 1) and the pseudobinary section CuTi 2 -CuZr 2 by Chebotnikov and Molokanov. 7) CuTi 2 and CuZr 2 were modeled as one phase, and the ternary compound was modeled as stoichiometric compound.
Experimental
Alloy compositions were prepared by arc melting 99.9% pure copper, 99.98% pure titanium, and 99.0% pure zirconium in the purified argon atmosphere. The pure metals provided from Alfa Aesar. Five-gram buttons were prepared and melted six times to ensure a completely homogeneous alloy. The weight loss of the alloys after melting was less than 1 mass%. The specimens were annealed in an electricalresistance tube furnace in evacuated quartz ampoules at 800 C. The temperature was controlled within þ= À 3 C. After annealing for 2 weeks, the samples were quenched in water.
After annealing and standard metallographic preparation, the equilibrated alloys were examined by the optical microscope, the scanning electron microscope (SEM) and the electron probe microanalysis (EPMA). X-ray diffraction (XRD) analysis was performed to identify the ternary alloys.
Results and Discussion
The determined phase relationships at 800 C are shown in Fig. 2 . There is one ternary phase Cu 2 TiZr in the central portion. In comparison with the previous 703 C isotherm in Fig. 1 C isotherm. There are five intermetallic phases in the Cu-Ti binary and five intermetallic phases in the Cu-Zr binary at 800 C. In this ternary system, most of the binary intermetallic phases extend to the ternary region with a limited solid-solubility range at this temperature. The titanium solubility in Cu 9 Zr 2 , Cu 51 Zr 14 , Cu 10 Zr 7 , and CuZr are around 9.5, 8, 5 and 3 atomic percents, respectively. The zirconium solubility in the Cu 4 Ti, Cu 3 Ti 2 , Cu 4 Ti 3 , and CuTi phases are quite limited. In the copper-rich region, the fccCu + CuTi 4 + Cu 9 Zr 2 three phase equilibrium is similar to the studied by Woychik et al. 1) except the large solubility of titanium in the Cu 9 Zr 2 phase. Figure 3 shows the microstructure of this phase equilibrium. The other three-phase equilibria, Cu 4 Ti + Cu 3 Ti 2 + Cu 51 Zr 14 as in Fig. 4 and CuTi + Cu 2 TiZr + Cu 51 Zr 14 are also different from the 703 C isotherm. In this study, we made many efforts to locate the phase relationships including Cu 8 Zr 3 without the success. The phase relationships among Cu 8 Zr 3 , Cu 2 TiZr, Cu 51 Zr 14 and Cu 10 Zr 7 are still not determined. The alloy samples in this region were difficult to reach the equilibrium in order to be determined by the electron microprobe. The microstructure of the three-phase equilibrium CuTi + Cu 2 TiZr + Cu 51 Zr 14 is presented in Fig. 5 . The phase relationships shown as the dash line in Fig. 2 are suggested in this study. Some of the alloy samples were difficult to reach the equilibrium at 800 C even holding for 8 weeks. Several of these alloy samples were held at 900 C for one week and then held at 800 C for 6 weeks in order to obtain the reliable microstructure for the electron microprobe analysis. Fig. 2 The isothermal section at 800 C based on the work of this study. Fig. 3 The microstructure of fcc-Cu + CuTi 4 + Cu 9 Zr 2 phase equilibrium.
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Conclusions
(1) There is a complete solid solution between the CuTi 2 and CuZr 2 binary phases. Phase Equilibrium in the Cu-Ti-Zr System at 800 C 1633
